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Introduction 
Recent work developed a novel, biomimetic, 
cost effective 3D hollow fibre bioreactor for 
growing healthy red blood cells ex vivo [4]. This 
bioreactor recapitulates the architectural and 
functional properties of erythrocyte formation 
and thereby reduces the need for expensive 
growth factors by more than an order of 
magnitude.  But the optimal bioreactor design is 
unclear; we propose global, robust, superstruct-
ure optimisation for configuring and operating 
the bioreactor.  We discuss the potential of 
robust superstructure design not only on this 
individual bioreactor but also more generally on 
bioprocess optimisation. 
Materials and Methods 
All analysis is computational. In this blood-
producing bioreactor, which is modelled using 
the Krogh cylinder approximation: nutrients, 
growth factors, and oxygen flow through the 
hollow fibres via Poiseuille flow and diffuse into 
the 3D polymeric scaffold. The resulting 
reactions cause the cells to grow, proliferate, and 
differentiate. Products and byproducts are excess 
cells and waste which diffuse out of the scaffold 
and exit through the hollow fibres. We handle 
the vector of deterministic uncertain parameters 
including cellular growth rates and mass transfer 
characteristics as model-inherent uncertainty. 
Transfer parameters and quantified uncertainty 
are derived from prior work [4]. Cellular growth, 
differentiation, and proliferation are modleled 
using the approach of Ma et al. [2007]. 
Results 
This model minimises cost in a bioreactor 
producing one unit of red blood cells while 
providing sufficient nutrient delivery and waste 
disposal.  Operating choices include: (1) size and 
aspect ratio of the cylindrical bioreactor; (2) 
number of hollow fibres for delivering reactants 
and extracting products and by-products; (3) 
flow rate of nutritious medium through the 
bioreactor; (4) medium inlet composition of 
glucose, stem cell factor, erythropoietin, and (5) 
ambient oxygen concentration. 
We implemented the model in GAMS 24.1.  
After discretisation of the axial and radial 
dimensions using 10 grid points each, it is a 
global optimization problem with 694 
continuous variables, 2 binary variables, and 
1069 constraints incorporating: 41 bilinear, 31 
signomial, and 10 logarithmic terms.  We solved 
the model to global optimality using the solver 
ANTIGONE [2, 3]; ANTIGONE consistently 
solves this problem in under 60 CPU s. 
Discussion and Conclusions 
Using robust superstructure optimisation, this 
paper incorporates quantifiable uncertainty into 
the model development framework; the goal is to 
conservatively design a bioreactor that will 
operate under most circumstances. Observe that 
the potential of robust superstructure design 
applies not only on this individual bioreactor but 
also more generally on bioprocess optimisation. 
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